We use a novel classification scheme to identify three stages of production in the manufacturing sector: parts, components, and final goods. In particular, we offer evidence on the revealed comparative advantage of the EU-27 countries concerning the three vertically separated stages of production. Moreover, we investigate whether, and if so how, imports of parts, and components can work as a predictor for the exports of final goods. We find that countries specialize at different stages of production, and that components are Granger causal for the export of final goods in many countries with a lag of 3 month.
Introduction
The share of intermediates in intra-EU trade is increasing and reaches almost 50% nowadays.
1 Although some widely received articles, such as Hummels et al. (2001) , Feenstra (1998) , or Grossman and Rossi-Hansberg (2006) , have addressed the issue of how countries specialize along the vertical production chain, surprisingly little is known about the comparative advantage and the causal interrelationship of international trade in parts, components, and final goods. The research gap can be explained with a lack of data that allows to distinguish traded goods at vertically separated stages of production that goes beyond the dichotomy of 'parts&components' and 'final goods'. We aim to fill this gap by using a novel categorization scheme compiled by experts of the German Engineering Association (www.vdma.org), which categorizes traded manufacturing goods at the highly disaggregated CN-8 digit-level into three vertically separated stages of production: (1) parts, (2) components, and (3) final goods. Overall, we identify 245 products as parts, 329 products as components, and 1058 products as final goods within the manufacturing sector.
2 This trisection allows us to overview the comparative advantage of countries at different stages of production and to investigate whether the imports of parts and components can help to predict exports of goods at the final stage of assembling.
In our analysis, we employ Granger causality tests revealing that imports of parts and components help to predict the export of final goods. This holds especially true for countries with a high revealed comparative advantage in the export of final goods. However, the import of components are often sufficient to improve the prediction about exports of final goods. The chosen lag length is quite often three month, which can be interpret as the time it takes to assemble and export a final good. The causal impact of less differentiated imports in parts, however, seems to play a minor role. The intuition of this result is that components have a smaller range of use in the production system and hence are often specifically build to work as a preliminary input for a small range of final manufacturing goods.
The remainder of the letter is structured as follows. Section 2 introduces the data and offers some descriptive facts concerning the countries' revealed comparative advantage. Section 3 asks, whether imports of parts and components are Granger causal for exporting final goods. Section 4 concludes.
Data and Comparative Advantage
We use de-seasonalized (X-12-ARIMA adjusted) monthly COMEXT trade data from Eurostat from 01/1988 to 08/2015 for 27 EU countries. Table 1 contains the number of observations for each country, which vary from 188 to 332, as well as the share of exports and imports captured by parts (p), components (c), and final goods (f ), which vary from about three percent (Ireland and Greece) to over twenty percent (Italy and Germany) . Table 1 contains the Revealed Comparative Advantage index (RCA) 3 for parts, components, and other goods (o) for exports and imports, respectively. We calculate the RCA using the average export and import flows from 2004 to 2013. In this time span our sample is balanced and it is long enough to smooth out disturbing effects from temporarily economic shocks. The results reveal that some countries, like Austria, Germany, Denmark, Finland, Italy, and Sweden do have a general comparative advantage in exports of manufacturing goods, while other countries, like Czech Republic, Portugal, Romania, Slovakia, and Slovenia specialize only in earlier stages of production.
An interesting observation is Germany, since recent literature, such as Sinn (2006), emphasize that Germany is a 'bazaar economy' which imports early stages of production to assemble them and export final goods. Our results support this hypothesis: Germany has a RCA in importing parts (1.19) and components (1.16) and a relative high RCA in exporting final goods (1.5) compared to the RCA in exporting parts (1.21) and components (1.37). The RCA of Portugal, Romania, and Slovakia in the export of components is also remarkably high. This could be driven by some large firms of the automotive industry who offshore early and intermediate stages of production into these countries.
Causality
In this section, we ask whether imports of preliminary and intermediate goods are Granger causal for the exports of final goods. To investigate whether the import of parts (im p ) and components (im c ) is Granger causal for the export of final goods (ex f ), we estimate for each country
whereby we use the Akaike (AIC) and Schwarz information criterion (SIC) to choose an appropriate lag length p. In order to test the relevance of im p and im c , respectively, we employ two tests: The first one is a Granger causality test with 
* indicates Granger causality at 5% level, + indicates that overall effect is positive at 5% level, the superscript denotes the chosen lag length, the test results using the AIC criterion are displayed in brackets.
The second test checks whether an increase of imports in parts and components lead to an increase of exports of final goods:
If both tests can be rejected, im p and im c are positive Granger causal for ex f . Instead of presenting 27 regressions and its corresponding test statistics, we summarize our results in Table 2 . The fourth column denotes the results for estimating and testing equation (1). To test whether the imports of parts or components solely determine the exports of final goods, we show in the second and third column the results for specifications which omit from our baseline specification components (im 2 ) and parts (im 1 ), respectively. We abbreviate the results as follows: a star ( * ) indicates a rejection of the first test, a plus (+) denotes a rejection of the second test-both at a 5% significance level. The superscript number denotes the chosen lag length following the Schwarz Information Criterion (SIC) and the Akaike information criterion (AIC). The table contains results for both selection criteria, whereby the results for the AIC are shown in brackets.
Following the SIC, imports of parts are positive Granger causal for Italy and imports of components are positive Granger causal for Germany, Spain, Estonia, France, Great Britain, Italy, and Sweden. With the exception of France and Great Britain, the results reveal that it is more likely to yield significant results for countries that have a comparative advantage in the export of final goods. For Estonia, the superior lag length is two, for all other countries it is three. This can be interpret as the time it takes for components to be assembled to final goods and in turn be exported. As the last column shows, the common inclusion of imports of parts and components yields significant and positive Granger causalities for Germany, France, Great Britain, Greece, Italy, and Malta. However, these Granger causalities are mostly driven by the imports of components, as the previous results can tell.
To explain the fact that we fail to find Granger causalities for all countries, one has to consider the nature and the limitations of our data: First, for some countries, the time series is rather short. This makes it difficult to find robust results, especially because we apply robust Newey-West standard errors in our autoregressive model. More sophisticated models would require further information, such as which manufacturing parts are used to produce certain components and final goods. Second, imports of parts and components are not the only input-source to produce final goods. However, our data does not allow to capture non-manufacturing inputs from abroad or inputs that are not imported. Thus, it is unlikely to find causality for countries that export only a small share of their exports within the manufacturing goods that we capture with part, components, and final goods. This share is shown for the imports and the exports in the last two columns of table 1. Third, we cannot control for the imports of parts and components that are used for self consumption and not to produce final goods for the export sector.
Concluding remarks
This letter provides novel evidence on the export and import specialization concerning three different stages of production for EU-27 countries. Moreover, this paper shows that a more detailed classification of traded goods yield significant improvements of the prediction of exports of final goods, because it are predominantly imports of components that drive the exports of final goods. Parts, however, seem to play a minor role. Thus, countries with a revealed comparative advantage in the export of final goods tend to import parts and components in order to assemble and export final goods. Of course, the results are borne by a simple empirical model and the time series are rather short for some countries. Nevertheless, we think our exercise helps to understand the global production sharing process further. Overall, we hope that this letter encourages future empiricism to apply more elaborated and detailed classification schemes. 
